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Objectives: To assess the variability of ultrasonographic measurements a  different levels of the abdominal orta. 
Design: Reproducibility study as part of a population health screening for abdominal ortic aneurysm. 
Materials and methods: In 1994/1995 a total of 6892 subjects underwent ultrasound examination ofthe abdominal 
aorta. Variability of measurements was assessed in the beginning and end of the survey period by inviting 112 randomly 
selected participants o a second ultrasound scan within 3 weeks of the first scan. The subjects were examined by an 
experienced radiologist and three sonographers who had been given a short course in ultrasonography. All examiners 
were blinded to each other's results. 
Results: Variability was similar in the beginning and end of the survey period. Both the intra- and interobserver 
variability were less than 4 ram for all sonographers in measurements of maximal infrarenal ortic diameter, and variability 
was similar for measurements in the anterior-posterior and transverse plane. Variability was greater for measurements 
at the renal evel than aortic bifurcation level. The radiologist had lower variability than the other sonographers. 
Conclusion: Ultrasound measurements of the maximal diameter can be obtained with a high degree of accuracy. 
Inexperienced sonographers may achieve acceptable p rformance given appropriate raining and surveillance. 
Key Words: Abdominal aorta, ultrasonography; Aneurysm, aortic; Diagnostic radiology; Observer performance. 
Introduction 
The incidence of abdominal aortic aneurysms i prob- 
ably increasing, 1'2 and mass screening with ultrasound 
has been suggested as a means to reduce the high 
mortality of this condition. 3~ There is an increasing 
need for the follow-up and monitoring of small an- 
eurysms as more new cases are detected with ultra- 
sound and computed tomography. How well these 
objectives are achieved will depend on the accuracy 
of the ultrasound measurements of the aortic diameter. 
The accuracy of ultrasound depends on the ex- 
perience of the sonographer, the patients (e.g. fat, 
bowel gas, aortic tortuosity) and the quality of the 
ultrasound machine. The literature on the variability of 
ultrasound measurements of aortic diameter is limited. 
We know of only one report where the intra- and the 
interobserver variability have been analysed together 
in the same population. 7 The published estimates on 
* Part of this study was presented asa poster at RSNA 1995, poster 
118. 
t Please address all correspondence to: K. Singh, Department of
Radiology, University Hospital, N-9038 Tromso, Norway. 
interobserver variability are mostly based on ex- 
aminations of selected patients with known or sus- 
pected aneurysms, and the results are inconsistent 
with estimates of the minimum resolvable change in 
maximal aortic diameter, which range between 2.2 and 
10 mm.  7-12 
The maximal infrarenal aortic diameter compared 
to the diameter at the renal level has been suggested as 
a more reliable and important index than the maximal 
diameter alone. 3 If so, it is necessary to know the 
accuracy of the measurements of the diameter at dif- 
ferent levels of the abdominal aorta. The variability of 
ultrasonographic measurements within the setting of a 
population screening programme has not been studied 
thoroughly. We therefore addressed these questions 
during the screening of more than 6800 persons par- 
ticipating in a population health screening programme 
in Tromso, Norway, during 1994-1995. 
Materials and Methods 
Study design and measurements 
The Tromso study was started in 1974 and is a single- 
centre population-based prospective study of in- 
habitants in the municipality of Tromso, Norway. The 
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aims of the study are to investigate, by means of 
epidemiological, clinical and basic research, de- 
terminants of chronic diseases in order to assess ae- 
tiological significance, and to investigate potentially 
modifiable causes that may be developed into pre- 
ventative or therapeutic strategies. The main focus is 
on cardiovascular diseases. The study design includes 
repeated population health surveys to which total 
birth cohorts and random samples are invited. 
The fourth cross-sectional survey of the Tromso 
population started in September 1994 and was com- 
pleted in October 1995. The survey was conducted by 
the University of Tromso in cooperation with the 
National Health Screening Service, and comprised two 
screening visits with an interval of 4-12 weeks. All 
inhabitants older than 24 years were invited to the 
first visit, and 27 161 subjects, 78% of the eligible 
population, participated. A protocol similar to that 
used during the previous urveys in this population 13
was followed. The examination i cluded standardised 
measurements of height, weight, blood pressure, non- 
fasting serum lipids, serum calcium, gamma glutamyl- 
transferase, haemoglobin and blood cell counts, and a 
20 s electrocardiography (ECG) of lead I. Two ques- 
tionnaires covered previous and present diseases and 
symptoms, use of drugs, lifestyle (physical activity, 
smoking, alcohol intake) and dietary habits, and socio- 
economic situation. All subjects aged 55-74 years and 
random 5-10% samples of the other five-year age- 
groups were invited to the second visit. A total of 6892 
subjects, 98% of those who came to the first visit and 
were eligible for the second visit, attended. The second 
visit comprised ultrasonographic measurements of 
aortic diameters, ultrasonography of the carotid artery, 
echocardiography, a 12-lead resting ECG, a 90 s rhythm 
ECG during standardised eep breathing, meas- 
urements of bone density, body fat composition, waist 
and hip circumference, blood pressure in sitting and 
standing position, and urine and blood sampling. 
The reproducibility study 
The reproducibility study was designed to study vari- 
ability in aortic measurements between sonographers 
(different sonographers onthe same occasion) and within 
sonographers ( ame sonographer on two separate oc- 
casions) in the beginning (week 10 and 11; first re- 
producibility study) and at the end (week 37 and 40; 
second reproducibility study) of the survey period. 
Eighty randomly selected subjects were invited to par- 
ticipate in the first reproducibility study. In all 79 in- 
dividuals attended in week 10 and 76 attended in week 
11. Forty randomly selected subjects were invited to the 
second part of the reproducibility study. Thirty-three 
subjects attended inweek 37 and 29 attended inweek 40. 
The sonography and measurements of the ab- 
dominal aortas were performed by four examiners: 
A, a registered nurse, B, an assistant nurse, C, an 
experienced radiologist with special interest in vas- 
cular radiology and D, a radiographer. A, B and C 
had no experience or education in ultrasound prior 
to this project. The nurses were well experienced in
nursing cardiovascular patients. Before starting this 
study the nurses were given a 40 h course over 2 
weeks. This consisted of anatomy and pathology of 
the abdominal aorta, handling of the ultrasound 
machine and the probes, in addition to practical ex- 
amination with instruction. Further, surveillance by 
the radiologist (C) were given during the first 2 months 
of this study during which time they performed ap- 
proximately 400 examinations each. The radiographer 
had a similar training for about 60 h by the radiologist 
(sonographer C) before performing routine ex- 
aminations in the study. 
In the first part of the reproducibility study, all 
participants were examined with ultrasound by the 
nurse (sonographer A), the assistant nurse (sono- 
grapher B) and the radiologist (sonographer C). During 
the second reproducibility period, the radiographer 
(sonographer D) also examined the participants. All 
the sonographers were blinded to each other's results 
and the results from the previous week. 
The subjects were examined in the supine position 
and/or in the left decubitus position when necessary. 
No instructions on food or fluid intake were given 
prior to the examination. The examination was carried 
out with a 3.5 MHz sector probe (Acuson 128-XP). The 
abdominal orta was first visualised in the longitudinal 
plane and examined from diaphragm to bifurcation. 
The aorta was then examined in the axial plane with 
scans perpendicular to the longitudinal plane. Aortic 
diameters were measured at the renal artery level, 
I cm distal to this level and at the bifurcation level. 
In addition, maximal infrarenal aortic diameter was 
measured. Aortic diameter at the renal evel was meas- 
ured at the origin of the right main renal artery or at 
the origin of the left main renal artery when the right 
one was absent or not visualised. Both transverse 
and anterior-posterior diameters were measured. The 
diameter was measured with electronic alipers from 
the leading edge of the near wall to the leading edge 
of the far wall in the anterior-posterior plane and from 
the right leading edge to the left leading edge (external 
diameter) in the transversal plane. All the meas- 
urements were made on-line on images that were 
frozen in systole. 
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Statistical Analysis 
Intra- and interobserver variations were estimated by 
calculating the mean (95% confidence inferval (CI)) 
arithmetic difference between repeated measurements 
on the same subject. Variability was calculated as twice 
the standard deviation (s.D.) of the mean arithmetic 
difference according to Bland and Altman. 14'15 Given 
the sample size in the present study, 2 S.D. corresponds 
closely to the value obtained by calculating the re- 
peatability coefficient according to the British Stand- 
ards Institution. 16 If the differences are normally 
distributed, 95% of the differences will lie within a 
range of ±2 S.D. of the mean difference. This range 
will be referred to as the limits of agreement. 14 To 
examine whether measurement variability was of the 
same magnitude when measuring both small and large 
aortic diameters, we plotted the arithmetic difference 
between repeated measurements against heir average 
using data from the first reproducibility period. We 
also estimated variability by calculating the mean 
absolute difference between repeated measurements, 
and the percentage of the absolute differences 2mm 
or less, 3 mm or less and 4 mm or less. Confidence 
intervals for percentages (p) were calculated with the 
formula: CI =p -t- (1.96 x x/p(100-p)/n). Two-sided p 
values less than 0.05 were considered to indicate stat- 
istical significance. The SAS software package was 
usedJ 7 
Results 
A total of 112 individuals (48% men) participated in 
the reproducibility study at the beginning and end of 
the survey period. The results were similar in the two 
studies and we therefore present pooled data. The 
mean (S.D.) age of subjects was 58 (10.7) years, 26% 
were smokers and the mean body mass index was 25.7 
(3.8) kg/m 2. The maximal infrarenal aortic diameter 
could be measured in 98% of the individuals. At the 
renal level, aortic measurements were obtained in 
90-96% of participants, depending on the sonographer. 
The mean aortic diameter in the anterior-posterior 
plane at the renal level, I cm below the renal level and 
the bifurcation level was 20.4 (2.7) mm, 19.5 (2.7) mm 
and 17.6 (2.5)ram, respectively. The mean maximal 
infrarenal aortic diameter in the anterior-posterior 
plane was 19.8 (3.3) mm. The mean aortic diameter in 
the transversal plane at the renal level, i cm below the 
renal level and the bifurcation level was 21.8 (2.6) ram, 
20.7 (2.6)ram and 18.5 (2.5)ram, respectively. The 
mean maximal infrarenal aortic diameter in the trans- 
versal plane was 21.1 (3.2)mm. 
Intraobserver reproducibility 
The mean arithmetic differences (defined as the value 
obtained on the first occasion minus the value obtained 
on the second occasion 1-3 weeks later) between the 
repeated measurements on the same subject by the 
same sonographer were generally small, although 
some of them were statistically significant (Table 1). 
Most of the differences were negative, indicating that 
the aortic diameters were measured slightly greater 
on the second compared to the first occasion. The 
differences were similar at the renal level, i cm below 
the renal level bifurcation level and at the level of the 
maximal aortic diameter. The differences were also 
similar for all four sonographers. 
Measurement variability, as estimated by the mean 
absolute difference and 2 S.D. of the mean arithmetic 
difference, was smaller for the radiologist (sono- 
grapher C) than the other three sonographers ( ono- 
graphers A, B and D), and the radiographer 
(sonographer D) had less variability than the nurse 
and the assistant nurse (sonographers A and B) (Table 
1). Variability tended to be larger at the renal and I cm 
below the renal level than at the bifurcation level, 
particularly for the less experienced sonographers, 
indicating that the estimate of aortic size is less accurate 
at the more proximal evels. Measurement variability 
was reasonably constant throughout the range of meas- 
urements (Fig. 1). Notably, intraobserver variability 
was similar for anterior-posterior and transverse 
measurements. For maximal aortic diameter in the 
anterior-posterior plane, the absolute intraobserver 
difference was 2 mm or less in 82 (95% CI; 78-86)%, 
3mm or less in 93 (90-96)% and 4ram or less in 97 
(95-99)% of cases (Table 3). 
Interobserver reproducibility 
The interobserver differences were generally small and 
non-significant or of borderline significance for most 
pairs of observers (Table 2). There was, however, one 
pair of sonographers (A vs. D) whose measurements 
in the anterior-posterior plane showed a marked dif- 
ference, and another pair of sonographers (C vs. D) 
whose measurements in the transverse plane differed 
significantly, indicating the presence of "observer 
bias". Interobserver differences were similar in the 
anterior-posterior and the transverse plane. 
Interobserver variability was of the same magnitude 
when measuring small and large aortic diameters (Fig. 
2), but was greater at the renal level than at the 
bifurcation level for measurements in both planes 
Eur J Vasc Endovasc Surg Vo115, June 1998 
500 K. Singh et al. 
E 
< ~  
• .~  ~q 
% 
I I  I I  I I  [ I  
I I  I I  I r  I [  
I I  I I  I I  
[ [  I¢  I I  I I  
I I  I I  I I  [ [  
vv  ~ vv  ~ 
I I  I I I  / [  
~ . ~  ~ 
. ~  
~ 
.. ~ .~ 
Eur J Vasc Endovasc Surg Vol 15, June 1998 
Variability in Measurements of Aortic Diameter 501 
il 4 A • "--" e 2SD • . . . . . .  _ . .~ ,~_ . .y=. . _ .  . . . . . . . . . . . . . . . . . . . .  Mean • . . . . :  • . . . . . ,  • _ ~ °o•  • - 2SD ! ".  I 
lO 
O9 
t , I , l 
20 30 40 
il 
B 
4 • "~ •= + 2SD 
- ~ - :• :~-~ ~. -<•~ '~-"  -" . . . . . . . . . . . . . . . . . .  Mean I 
_ • • ~ • • _•  _ _ 2SD 
_ , I o  , I , I ] 
o9 10 20 30 40 
" " ,  . . . . .  . . . . . . . . . . . . . . . . . . . .  Mean I 
~:~ _ - - ~ - - - 2SD 
_ ~ I , I , 
10 20 30 40 
Average of first and second measurement (mm) 
Fig. 1. Plots of difference against the average of maximal 
anterior-posterior infrarenal aortic diameter measured by the 
same son•grapher on two separate occasions, with mean arith- 
metic difference (broken lines) and 2 S.D. (95% limits of agree- 
ment) (solid lines). Panel A, nurse; panel B, assistant nurse; panel 
C, radiologist. Data from the first reproducibility study (see 
Materials and Methods). 
(Table 3). The variability was similar for measurements 
in the anterior-posterior and the transverse plane. 
For maximal aortic diameter in the anterior-posterior 
plane the absolute interobserver difference was 2 mm 
or less in 75 (95% CI; 70-80)%, 3 mm or less in 88 
(85-91)% and 4 mm or less in 96 (94 to 98)% of cases 
(Table 3). Interestingly, interobserver variability and 
intraobserver variability was quite similar (Tables 1-3). 
Discussion 
The aim of the present study was to examine the 
performance of ultrasound within the setting of a 
population survey. We found that 96-97% of the meas- 
urements of maximal aortic diameter had a difference 
which was 4 mm or less. Further, 88-93% of these 
measurements differed with 3 mm or less. Our results 
are similar to those reported by Jaakola et al. 12 Among 
the randomly selected participants only one had an 
aneurysmal orta (Figs 1 and 2). Therefore, the con- 
clusions from the present study may not necessarily 
be applied to a clinical practice where most cases have 
abnormal aortas. Jaakola et al. recently showed that 
ultrasound variability was somewhat greater for an- 
eurysmal aortas compared to normal aortas. 12 Also, 
the interobserver variability reported herein was at- 
tained in a research setting and may be difficult to 
duplicate in routine practice. 
Other studies have examined selected patients with 
known or suspected aneurysmal aortas, and have 
provided ata on interobserver variability of the ultra- 
sound method for assessment of the maximal aortic 
diameter. 7-11 For maximum aortic diameter in the an- 
terior-posterior plane, the coefficients of repeatability 
have been reported to be 3.0-7.5 ram, 7 5.8-7.0 mm, 1~ 
2.2 mm, I° and 5.8 mm. 12 The corresponding coefficient 
of repeatability in the present study ranged between 
2.6 and 4.4mm (Table 2). Several studies reported 
that interobserver variability was larger for the trans- 
verse measurements: 10-15 mm, z 10.3-16.0 mm ~ and 
5.3mm. ~° However, this phenomenon was not ob- 
served in a recent study by Jaakola et al., 12 and in our 
study the corresponding coefficient ranged between 
2.8 and 4.4 mm which was similar to what we observed 
for measurements in the anterior-posterior plane. It 
was previously suggested that the difference between 
the two planes was due to the superior axial resolution 
of the son•graphic beam compared with its lateral (i.e. 
transverse) resolution) Our data may indicate that the 
lateral resolution is sufficient with later generations of
ultrasound equipment to allow precise measurements 
of transverse aortic diameter. 
For mass screening purposes it may not always be 
possible or desirable to engage experienced radi- 
ologists as a son•grapher. Our data indicate that other 
health personnel, after a relatively short period of 
training, may be able to measure the maximal aortic 
diameter within _+4mm of the "true" diameter, 
whereas the corresponding value for an experienced 
radiologist is + 3 mm. Hence, the lower limit for re- 
ferral should be 26-27 mm if the purpose of the survey 
is to identify all subjects with an abdominal aorta 
greater than 30 mm. In our study population 26 mm 
corresponds tothe 90th and 97.5th percentile for max- 
imal anterior-posterior diameter in men and women, 
respectively, implying that about 10% of men and 2.5% 
of women who were screened would be referred for 
a second ultrasound and/or CT examination todeter- 
mine the aortic diameter more precisely. 
Ultrasound has been recommended in population 
screening to detect abdominal aortic aneurysms. Mass 
screening should be based on a test which is sensitive, 
accurate, reproducible and can be carried out by dif- 
ferent examinators. Furthermore, the definition of a 
condition or disease should be based on a limited 
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Fig. 2. Plots of difference against the average of maximal 
anterior-posterior infrarenal aortic diameter measured by two 
sonographers on the same occasion, with mean arithmetic dif- 
ference (broken lines) and 2 S.D. (95% limits of agreement) (solid 
lines). Panel A, nurse vs. assistant nurse; panel B, nurse vs. 
radiologist; panel C, assistant nurse vs. radiologist. Data from 
the first reproducibility study (see Materials and Methods). 
number of criteria and measurements with a high 
degree of accuracy. As the aorta at the renal level 
remains the most normal (not dilated) during lifetime, 
the diameter here has been suggested as an individual 
reference value. 3"18 However, the present study shows 
that ultrasound measurements at this level have 
greater intra- and interobserver variability than meas- 
urements at other levels of the aorta. This reduced 
accuracy is expected and may be due to obesity, bowel 
gas and difficulties in identifying the renal arteries. At 
the aortic birfurcation the aorta is more accessible, 
and this is reflected in low intra- and interobserver 
variability for the measurements at this level. In our 
study the intraobserver variability was lower for the 
radiologist than for other sonographers for meas- 
urements at all aortic levels and the differences were 
most pronounced for measurements at the renal level. 
The maximal aortic diameter is obviously the most 
important variable to be measured, since this measure 
is used to define whether an aneurysm is present or 
not. Our findings suggest hat specificity may not be 
improved unless the measurements at the renal level 
are done by a highly experienced and skilled son- 
• grapher. For screening purposes the definition of 
abdominal aortic aneurysm should therefore probably 
be based on the maximal aortic diameter, since this 
definition may be more precise than a definition that 
requires measurements of diameter also at the renal 
level. 
The present study shows that the minimum de- 
tectable change in maximal infrarenal aortic diameter 
ranged between 3 and 4 mm. Most aneurysms have a 
growth rate of less than 5 mm per year. A small 
aneurysm must increase the diameter by some cen- 
timetres before operation is considered. Such de- 
velopment takes several years. Thus, the accuracy of 
measurements demonstrated in the present study is 
fully satisfactory. We have shown that ultra- 
son•graphic measurements of the maximal abdominal 
aortic diameter can be obtained with an acceptable 
degree of accuracy. Measurement precision and vari- 
ability is similar in the anterior-posterior and the 
transverse plane. Measurement variability is greater 
at the renal level than at the bifurcation level. Long- 
term experience with ultrasound is associated with 
low variability, but inexperienced sonographers may 
achieve acceptable performance given appropriate 
training and surveillance. 
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Table 3. Percentages of inter- and intraobserver differences in measurement of the maximal infrarenal aortic 
diameter lying within specified limits. The Tromso Study. 
Interobserver difference Intraobserver difference 
Anterior-posterior Transverse Anterior-posterior Transverse 
Limit plane plane plane plane 
2 mm or less 75 (70-80) 76 (71-80) 82 (78-86) 79 (75-84) 
3 mm or less 88 (85-91) 93 (90-95) 93 (90-96) 92 (89-95) 
4 mm or less 96 (94-98) 97 (96-99) 97 (95-99) 97 (95-99) 
The values are percentages with 95% confidence limits in the parentheses. 
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